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Universitat Politècnica de Catalunya (UPC)
ETSEIAT, C.Colom 11, 08222 Terrassa (Barcelona), Spain
Tel. +34-93-7398192, Fax: +34-93-7398920
cttc@cttc.upc.edu, http://www.cttc.upc.edu
ABSTRACT
This paper shows a detailed unsteady numerical simulation of liquid overfeed systems. The approach can
be extended to other refrigerating systems (direct expansion, gravity fed,...). From the cycle point of view,
previous work of the authors’ group (Garćıa-Valladares et al., 2000) (Danov, 2005) has been used as a
platform from which extend previous steady state cycle models (less detailed) to unsteady formulation.
Experimental data obtained in a liquid overfeed system experimental set-up was already successfully used
for validation purposes (Danov, 2005). Regarding the heat exchangers (evaporator + condenser), previous
models from the authors are being integrated in this numerical tool: fin-and-tube heat exchanger modelling
(Oliet et al., 2002), two-phase flow modelling (Garćıa-Valladares et al., 2004). Additional vessel modelling
has also been implemented, based in this case on published information (Estrada-Flores et al., 2003). After
presentation of the developed numerical tool, some results are also presented to provide an overview of the
level of detail (both geometrical and temporal) given by current model.
1. INTRODUCTION
This paper is focused in liquid overfeed refrigerating systems. These refrigerating systems (Garćıa-Valladares
et al., 2000) (Danov, 2005) have two main circuits with its own mass flow, that are joined in a liquid-vapour
separator (usually called low pressure receiver). As low pressure receiver supplies saturated vapour to
compressor, the compressor is protected from liquid slugs, needs less maintenance, and oil circulation rate to
evaporator is reduced as a result of low discharge temperature in the compressor. Low pressure receiver also
supplies saturated liquid to evaporator. Refrigerating mass flow in the evaporator is higher than in a dry
expansion system; therefore the evaporator liquid refrigerant is only partially evaporated and the evaporator
surface is used efficiently. In these systems refrigerant feed to the evaporator is unaffected by fluctuating
ambient condensing conditions. On the other hand the installed cost is generally higher, and they use a
greater refrigerant charge than other systems.
Figure 1 shows schematically an overfeed refrigerating system. Three main circuits can be seen. Compres-
sor, oil separator, condenser, expansion device, tube connections and fittings (valves, bends, and more) are
contained in the first one (11→16,1→10 in fig.1). Pump, fin-and tube heat evaporator as well as tube con-
nections and fittings are contained in the second one (101→107 in fig.1). The last circuit contains a plate
heat exchanger (oil distiller) and tube connections (201→204 in fig.1). Previous works (Garćıa-Valladares
et al., 2000) (Danov, 2005) studied these systems in steady state conditions using global balances of mass,
momentum and energy, using also the F-factor analytical method to solve the condenser and the evaporator.
In this work a numerical simulation of these systems has been developed, considering unsteady state regime,
more detailed method (Garćıa-Valladares et al., 2004) to solve connection tubes and heat exchangers and us-
ing a model that takes into account the phenomena occurring in a pressure vessel (Estrada-Flores et al., 2003).
2. MATHEMATICAL FORMULATION
This numerical model has been developed for steady state and unsteady state conditions. The calculation of
the refrigerating system is based on a quasi-homogeneous two-phase flow formulation of mass, momentum
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Figure 2: (a) Characteristic CV of a fluid. (b) Characteristic CV of a solid.
and energy equations. Compressor which is characterised by electrical power, electro-mechanical efficiency
and mass flow with the manufacturer’s data, expansion device which is considered adiabatic, and pump
which is modeled with a simple thermodynamic model, are considered as components with instantaneous
response in front of a working conditions change.
2.1 Two-phase flow inside ducts
A quasi-homogeneous two-phase flow model, which neglect the difference of the liquid and vapour tempera-
tures in subcooled boiling and post-dryout regime in the evaporating flow (their effects are considered using
adequate empirical correlations (and flow pattern maps), which are obtained from the available literature,
to evaluate the shear stress, convective heat transfer and the flow structure), has been used to formulate the
governing equations.
Figure 2 (a) shows a characteristic fluid control volume (CV), where ’i’ and ’i+1’ represent the inlet and the
outlet sections respectively. Considering the characteristic geometry of ducts the governing equations (mass,
momentum and energy) have been integrated assuming the following assumptions: one-dimensional flow,
non-participant radiation medium and negligible radiant heat exchange between surfaces, negligible fluid
axial heat conduction. The semi-integrated governing equations over the CV (continuity eq.(1), momentum
eq.(2) and energy eq.(3)), have the following form (Garćıa-Valladares et al., 2004):
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where Φ̃ represents the integral volume average of a generic variable Φ over a CV and Φ its arithmetic
average between inlet and outlet of the CV.
2.2 Heat conduction in tube wall and insulation
The heat diffusion equation has been written with the following hypotheses: one dimensional transient
temperature distribution (in insulate, bi-dimensional) and the heat exchanged by radiation is neglected.
Figure 2 (b) shows a characteristic control volume (CV). From the integration of the energy equation over












where q̃s, q̃n, q̃e and q̃w are evaluated from the Fourier law.
2.3 Receivers
The model implemented for receivers is based on a full energy balance. In this model the following hypothesis
have been assumed: i) refrigerant inside the receiver is divided into perfectly mixed liquid and vapour zones;
ii) the internal energy equals the enthalpy in liquid zone; iii) the effects of kinetic and potential energy are
neglected; iv) when mixed flow enters in the receiver, it is separated instantaneously. Therefore liquid flow
enters the liquid zone and vapour flow enters the vapour zone and a net exchange of work between zones to
change the liquid level is possible. For an extended view of the model and corresponding assumptions please
refer to (Estrada-Flores et al., 2003). From the mass continuity equation applied to liquid (eq.5) and gas
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From the energy conservation equation applied to liquid (eq.7) and gas (eq.8) parts, the liquid and vapour














) = Σṁg,in(hg,in − hg + pgνg)
− Σṁg,out(2hg − pgνg) + Σqg − ωs + ṁev(hg,sat − hg + pgνg)− ṁcon(hl,sat + hg − pgνg) (8)
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From the energy conservation equation applied to liquid (eq.9) and applied to gas (eq.10),mass flow evapo-

























The proposed global algorithm (fig.3) solves in a segregated manner the refrigerant (considering the wall
temperature distribution as a boundary condition), the secondary fluids (considering the wall temperature
distribution as a boundary condition) and the solids of the system. The subroutines have been performed
iteratively each time step. This approach allows an easier integration of fin-and-tube heat exchanger model
developed by the authors.
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Figure 3: Algorithm for liquid overfeed system.
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3. NUMERICAL RESULTS
Using the developed code based on the above described model a liquid overfeed refrigerating system using
ammonia as refrigerant has been simulated with two double pipe heat exchangers as condenser and evapo-
rator.
Table 1 describes the geometry of the presented test case for overfeed refrigerating system.
Din(mm) Dext(mm) Dinsulate(mm) Dannulus,in(mm) Dannulus,ext(mm)
Vapour lines 16.61 19.05 99.05 – –
Liquid lines 10.26 12.7 52.7 – –
Overfeed lines 16.61 19.05 99.05 – –
Low receiver-Pump line 35.9 42.4 132.4 – –
Condenser 16.61 19.05 75.49 33.05 35.49
Evaporator 16.61 19.05 75.49 33.05 35.49
High receiver 300 350 390 – –
Low receiver 300 350 390 – –
Table 1: Table of geometry of the system.
The secondary fluids working conditions for the presented test case are listed in table 2. Refrigerant mass
flow through the evaporator was 0.0117 kg/s.
Element Fluid ṁs(kg/s) Tin(
oC) pin(bar) TAmbient(
oC)
Condenser water 0.5717 20.0 9.081 25.0
Evaporator 50% aqueous ethyleneglycol solution 0.6186 4.5 11.00 25.0
Table 2: Table of working conditions for secondary fluids.
Figure 4 shows the p-h diagram of the presented test case,obtained from the values of pressure and enthalpy
of all control volumes of the refrigerant. Dashed lines indicate the saturation curves. Vertical dash-dot-dot
line indicates the expansion device which receives saturated liquid from the high pressure receiver. In the













Figure 4: p-h diagram of the overfeed refrigerating system.
Figure 5 (a) shows the evolution of all the elements of the high pressure circuit. The dash-dot line represents
the results obtained for the condenser. In figure 5 (b) is presented in detail the discharge of compressor and
the union tube between compressor and condenser.































Figure 5: (a) Detailed view of high pressure circuit. (b) Detailed view of tube union Compressor-Condenser.
Figure 6 (a) and (b) are focused on the low pressure circuit. Figure 6 (a) shows a general overview of
overfeed circuit. There it is possible to identify the evaporator (dash-dot line), and the union tube between
evaporator and low pressure receiver (solid line). The two squares on the right side are the entry from the
expansion device and the entry from the evaporator respectively. The left side square represents the exit
of the low pressure receiver to the evaporator. In figure 6 (b) are presented the tube union between low

































Figure 6: (a) Detailed view of low pressure circuit. (b) Detailed view section from receiver to evaporation
entry (including pump).
Figure 7 (a) presents refrigerant temperature, annular fluid temperature, wall temperature of internal tube
and wall temperature of annular tube in every control volume. Typical temperature maps of double pipe
counterflow heat exchanger are shown. Figure 7 (b) shows the pressure drop in the evaporator and the
evolution of the vapour mass fraction.
Maps of temperature in the condenser are presented in figure 8 (a), where two main zones can be identified.
The first one, where vapour is cooled till saturated state, and the second one, where refrigerant is changing
from saturated vapour to liquid. Figure 8 (b) shows where the saturated state is reached, and the pressure
drops inside the condenser.

































































































Figure 8: Condenser: (a) Temperatures profile (b) Pressure and vapour fraction profile.
4. CONCLUSIONS
A detailed unsteady numerical simulation of liquid overfeed refrigerating systems has been presented in
this work. Comparing to previous works based on global energy balances, the current model is based on an
unsteady quasi-homogeneous two phase flow model, which provides great detail in spatial aspects ( discretiza-
tion of the system components ) and also allows to follow unsteady behaviour. Another aspect improved in
this work is the simulation of the receivers in two zones and the evaluation of the evaporation or condensation
mass flow inside them.
A test case has been presented for steady state, providing a detailed picture of the conditions of the whole
refrigerating system and throughout its components (evaporator, condenser, unions, ...). Additional work is
under development for unsteady tests.
This work is the first step to join the simulation of the liquid overfeed refrigerating systems to a detailed
simulation of fin-and-tube heat exchangers, and also to a simulation of refrigerating chambers. The unsteady
simulation of the liquid overfeed refrigerating systems presented in this work has allowed an easy adaptation
to a simulation of dry expansion, and gravity-fed refrigerating systems.
International Refrigeration and Air Conditioning Conference at Purdue, July 14-17, 2008
2406, Page 8
NOMENCLATURE
A cross section area (m2) Subscript
ṁ mass flux (kg s−1) l liquid
m mass (kg) g gas or vapour
t time (s) E,e east
T temperature (K) N,n north
v velocity (ms−1) W,w west
z axial coordinate S,s south
p pressure (Pa) z axial direction
P perimeter (m) ev evaporation
g acceleration due to gravity (ms−2) con condensation
e specific energy (h + v2/2 + gzsinθ) (Jkg−1) aux auxiliary
h enthalpy (J kg−1) e evaporator
D diameter (m) c condenser
q̇ heat flux (W m−2) s secondary
θ angle (rad) i inner
τ shear stress (Pa) o outer
Δt temporal discretization step (s) a oil
Δz axial discretization step (m) numbers(1,2,3,... ) -points (see Fig.1)
S Area (m2) D Base receiver
Z Receiver’s height (m) T total
q heat (W)
ω work (W)
ν specific volume (m3kg−1)
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